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Phloem‐limited diseases are becoming increasingly pervasive due to the rapid globalization of agricultural systems and to global warming (Bendix and Lewis, [2018](#aps31179-bib-0005){ref-type="ref"}). These diseases have resulted in massive crop losses and economic hardships, as evidenced by the virtual collapse of the citrus industry in the state of Florida (Albrecht and Bowman, [2008](#aps31179-bib-0002){ref-type="ref"}; Folimonova et al., [2009](#aps31179-bib-0015){ref-type="ref"}; Gottwald, [2010](#aps31179-bib-0017){ref-type="ref"}) and in Brazil (Coletta‐Filho et al., [2004](#aps31179-bib-0009){ref-type="ref"}; Texeira et al., [2005](#aps31179-bib-0029){ref-type="ref"}). Both epidemics result from the phloem bacterial disease huanglongbing (HLB or citrus greening). HLB is caused by the unculturable, gram negative, phloem‐limited α‐proteobacterium *Candidatus* Liberibacter asiaticus (*C*Las) (Jagoueix et al., [1994](#aps31179-bib-0023){ref-type="ref"}; Bové, [2006](#aps31179-bib-0007){ref-type="ref"}) and vectored by the Asian citrus psyllid, *Diphorina citri* (Pelz‐Stelinski et al., [2010](#aps31179-bib-0027){ref-type="ref"}; Hall et al., [2013](#aps31179-bib-0021){ref-type="ref"}).

Huanglongbing symptoms are variable and present in almost all parts of the plant, including underground organs. A primary characteristic of the disease is the hyperaccumulation of starch in virtually every living cell of the plant including the enucleated sieve elements (SE) (Etxeberria et al., [2009](#aps31179-bib-0011){ref-type="ref"}). In addition, SEs are occluded by callose plugs and phloem protein (P‐protein; Achor et al., [2010](#aps31179-bib-0001){ref-type="ref"}) epitomizing the drastic metabolic changes brought about by *C*Las infection. Given that SEs do not have a nucleus, it is difficult to envision any lack of involvement by the companion cell (CC) in the pathogenic response to *C*Las by the enucleated SE.

As phloem‐limited bacteria (Bové, [2006](#aps31179-bib-0007){ref-type="ref"}), *C*Las has only been observed in sieve elements (Tyler et al., [2009](#aps31179-bib-0030){ref-type="ref"}). However, PCR analysis of tissues lacking vasculature (e.g., juice cells, exocarp, and phelloderm) consistently detects a *C*Las genetic signal imprint (Etxeberria et al., [2016](#aps31179-bib-0013){ref-type="ref"}). This and other evidence outlined by Etxeberria et al. ([2015](#aps31179-bib-0012){ref-type="ref"}, [2016](#aps31179-bib-0013){ref-type="ref"}) offer strong evidence of a genetic signal capable of moving intracellularly from the host SE to other cells through subcellular channels that cannot support the movement of bacteria. Consistent with these observations is the presence of *C*Las peptides in chloroplasts of HLB‐affected citrus trees (Pitino et al., [2018](#aps31179-bib-0028){ref-type="ref"}).

Studies of phloem diseases (e.g., cucurbit yellow vine disease, zebra chip disease in potato, corn stunt disease, grapevine yellows disease, and onion yellow dwarf disease; Bendix and Lewis, [2018](#aps31179-bib-0005){ref-type="ref"}) are hindered by the almost inaccessible location of the phloem tissue. Phloem cells are commonly found buried inside the plant body and interspersed with storage parenchyma cells (Knoblauch and Oparka, [2012](#aps31179-bib-0024){ref-type="ref"}). In addition, phloem cells are among the smallest cells in the plant kingdom and make up less than 1% of the total cell population in a plant (Knoblauch and Oparka, [2012](#aps31179-bib-0024){ref-type="ref"}). Together, these properties present a complex research challenge (van Bell, [2003](#aps31179-bib-0004){ref-type="ref"}).

In pertinent cases, protoplasts can provide an alternative approach to study the structure and function of phloem cells in isolation. For example, for HLB studies, isolated protoplasts can be used to determine the presence of *C*Las genetic signal in either CCs and/or SEs by fluorescence in situ hybridization (FISH). If sufficient material is generated, gene expression analysis on CCs can be conducted, conditions that would provide insights into the means of *C*Las pathogenicity and transmission.

However, fundamental to this notion of isolating phloem cells is the ability to distinguish SEs and CCs within a population of protoplasts. In a previous study, Hafke et al. ([2007](#aps31179-bib-0020){ref-type="ref"}) were able to generate and identify phloem protoplasts from partially digested *Vicia faba* internode tissue. In their study, phloem cells were identified by their content of forisomes, a species‐specific protein body, and by the presence of composite SEs, a pair of SEs adjoined by their sieve plate. In the absence of phloem‐specific features, SE and CC identification would be a more difficult task. For this purpose, we aimed at developing a system to allow the distinction of SEs and CCs from the remaining cells. In this article, we present evidence that a combination of organelle‐specific dyes and autofluorescence allows for the identification of SE and CC protoplasts from citrus leaf tissue.

Materials and methods {#aps31179-sec-0006}
=====================

Plant material {#aps31179-sec-0007}
--------------

Fully expanded leaves were collected from 2‐yr‐old healthy sweet orange (*Citrus sinensis* (L.) Osbeck) 'Hamlin' or 'Valencia' trees grown in a greenhouse. Leaves were placed in plastic bags and brought to the laboratory.

Tissue preparation and protoplast isolation {#aps31179-sec-0008}
-------------------------------------------

Leaves were washed, and most blade tissue excised and discarded. A longitudinal cut was made along the remaining midrib and secondary veins to fully expose the vascular tissue. Midrib halves were cut into smaller pieces of approximately 1 mm in length. Approximately 1 g of the chopped tissue was incubated overnight in a 125‐mL Erlenmeyer flask containing 11 mL of a cellular digestion solution. The digestion solution was prepared according to previously described procedures (Grosser and Gmitter, [1990](#aps31179-bib-0018){ref-type="ref"}) and contained 3 mL of enzyme solution (2% cellulase and 2% macerozyme dissolved in 0.9 M mannitol) mixed with 8 mL of 0.6 M BH~3~ (see Grosser and Gmitter, [1990](#aps31179-bib-0018){ref-type="ref"} for detailed composition). The flask was placed in a rotary shaker and incubated overnight at 30 rpm and 28°C. The protoplast mixture was passed through a 200‐μm nylon mesh, and the resulting solution transferred to a 15‐mL centrifuge tube. The mixture was kept undisturbed for about 20 min to allow the protoplasts to settle to the bottom of the conical tube. The supernatant was discarded except for the bottom 2 mL containing the protoplasts.

Staining {#aps31179-sec-0009}
--------

All stains used were organelle specific. Stains were initially diluted in 1 mL of protoplast solution before gently mixing with an equal volume containing the protoplasts. The 1 mL protoplast solution contained: 30 μL of 20 mM Hoechst 3342 (Ex 361⁄Em 497 nm; Molecular Probes, Eugene, Oregon, USA), 40 μL of 20 μM MitoTracker Green FM (MitoTracker Green M7514 Ex 490/Em 516 nm; Molecular Probes), and 40 μL of a 4 mM stock solution Neutral Red (Dubrovsky et al., [2006](#aps31179-bib-0010){ref-type="ref"}). Once both solutions were combined, the final concentrations were: Hoechst 0.15 μM, 100 nM MitoTracker, and 80 μM Neutral Red. The protoplast/stain mixture was incubated for 15 min. After the incubation period, 10 μL of protoplast mixture were placed on a microscope slide and carefully covered with a cover slip. The entire procedure was carried out 11 times.

Microscopy {#aps31179-sec-0010}
----------

Microscopic observations were made using a Carl Zeiss Axio Scope A1 fluorescence microscope (Carl Zeiss Microscopy GmbH, Gottingen, Germany) equipped with a Zeiss Axio Cam ICc1, with filter Set 43 or Rhodamine filter from Carl Zeiss Microscopy GmbH (Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (vacuole and mitochondria), and a DAPI filter or the Zeiss Filter set 49 (Ex: G365, Em: BP 445/50) for blue fluorescence (nucleus).

Results and discussion {#aps31179-sec-0011}
======================

Phloem cells possess distinctive anatomical and physiological properties that can be systematically exploited for their identification within a population of protoplasts. For example, compared to the surrounding living cells, SEs are enucleated, possess no vacuoles, and contain only a small number of organelles (van Bell, [2003](#aps31179-bib-0004){ref-type="ref"}). The reduced number of organelles include mitochondria, plastids, and stacked smooth endoplasmic reticulum (Knoblauch and Oparka, [2012](#aps31179-bib-0024){ref-type="ref"}) characteristically located at the parietal region (Heo et al., [2017](#aps31179-bib-0022){ref-type="ref"}) and anchored to the plasmalemma (Lalonde et al., [2001](#aps31179-bib-0025){ref-type="ref"}; Ohtani et al., [2017](#aps31179-bib-0026){ref-type="ref"}). In contrast, CCs have abundant mitochondria, a distinctively large nucleus (Lalonde et al., [2001](#aps31179-bib-0025){ref-type="ref"}), and, in *Citrus*, several smaller vacuoles (Aritua et al., [2013](#aps31179-bib-0003){ref-type="ref"}). Additionally, both types of phloem cells are among the smallest cells in the plant body (Knoblauch and Oparka, [2012](#aps31179-bib-0024){ref-type="ref"}). Parenchyma cells of the cortex and pith regions are much larger and possess a sizable vacuole, whereas mesophyll cells also contain abundant chloroplasts.

In the present investigation, protoplasts were generated from mature citrus leaf tissue incubated overnight in cell wall hydrolytic media. Considering that phloem cells are located within the vascular veins, we removed as much leaf blade tissue as possible from the larger veins. After overnight incubation, we obtained a mixed population of protoplasts of different cell types. It must be stressed that maximizing protoplast production, and consequently percent of phloem cells, is a separate experimental objective not considered here that is dependent on many factors such as plant species, type of tissue, and environmental conditions. Such tissue‐ and species‐specific processes must be developed individually prior to the application of the phloem‐identification method described here. In this investigation, we aimed solely to identify phloem cells within a population of protoplasts.

Central to our working model is the ability to differentiate cellular organelles and structures, either by their physiological autofluorescence or assisted by use of specific brightfield and/or fluorescent dyes. For example, chloroplasts can be identified by their red autofluorescence, mitochondria by using the specific fluorescent mitochondria marker MitoTracker green, and the vacuole by the accumulation of Neutral Red in acidic compartments (Dubrovsky et al., [2006](#aps31179-bib-0010){ref-type="ref"}). The presence of a nucleus can be detailed by the nucleic acid--specific, blue‐fluorescent marker Hoechst 3342. Identification (or lack of) of these targeted organelles facilitates recognition of phloem cells. Figure [1](#aps31179-fig-0001){ref-type="fig"} depicts the hypothetical working model of this communication and emphasizes the prominent structures as highlighted by the combination of dyes, autofluorescence, and light filters.

![Working model for the identification of sieve elements and companion cell protoplasts using brightfield and fluorescence microscopy. Prominent structures for each cell or cellular compartment are depicted under different light sources, filters, and dyes.](APS3-6-e01179-g001){#aps31179-fig-0001}

Under brightfield microscopy, we observed cells of a wide range of sizes containing a variety of cell structures. The range of cell types was expected because the midrib (plus a small portion of the adjacent blade) contained, aside from vascular tissue, a mix of cortex parenchyma, pith parenchyma, mesophyll cells, and epidermal cells. A number of free vacuoles were also present in every preparation. In general, the number of SEs and CCs was quite low, agreeing with the results of Hafke et al. ([2007](#aps31179-bib-0020){ref-type="ref"}). Digestion mixtures, conventionally prepared for isolation of protoplasts from most other tissues, usually fail to protect phloem cells with different osmotic properties. For this and other reasons outlined by Hafke et al. ([2007](#aps31179-bib-0020){ref-type="ref"}), yield of phloem protoplasts is generally low.

The dominant cell type in all cases was chloroplast‐containing mesophyll cells (Fig. [2](#aps31179-fig-0002){ref-type="fig"}). These were easily identified in brightfield microscopy for their "reddish" vacuole (due to Neutral Red stain) and green‐colored plastids (Fig. [2](#aps31179-fig-0002){ref-type="fig"}A). Under fluorescent light and green/red filter, chloroplasts appeared red from chlorophyll autofluorescence and a green fluorescent mitochondrial layer (due to MitoTracker) encircled the cell (Fig. [2](#aps31179-fig-0002){ref-type="fig"}B). The vacuole appeared mostly translucent, but often had a fluorescent, greenish orange color. This variation in color was ascribed to the location of green fluorescent mitochondria and/or red fluorescent chloroplasts on the distal part of the cell away from the focal plane, creating an artifactual color. The fact that loose vacuoles always appeared red in both brightfield and fluorescent light (see Fig. [3](#aps31179-fig-0003){ref-type="fig"}B) is consistent with our contention that in complete protoplasts green fluorescence from MitoTracker overshadowed the red color. However, we cannot exclude the possibility that the slight changes in vacuolar pH affects Neutral Red fluorescence, resulting in green/orange fluorescent vacuoles (Dubrovsky et al., [2006](#aps31179-bib-0010){ref-type="ref"}). Mesophyll cells also had a distinguishable blue nucleus when observed under the DAPI filter (Fig. [2](#aps31179-fig-0002){ref-type="fig"}C).

![Citrus leaf mesophyll protoplast viewed under different light sources and filters after incubation in 0.15 μM Hoechst 3342, 100 nM MitoTracker, and 80 μM Neutral Red for 15 min. Each cell was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).](APS3-6-e01179-g002){#aps31179-fig-0002}

![Free vacuole from a population of citrus leaf protoplast viewed under different light sources and filters after incubation in 0.15 μM Hoechst 3342, 100 nM MitoTracker, and 80 μM Neutral Red for 15 min. Vacuole was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).](APS3-6-e01179-g003){#aps31179-fig-0003}

Non‐photosynthetic parenchyma cells also abound in the midrib area and, consequently, in our protoplast preparations. In general, these cells are located in the interior of the cortex and in the pith. In brightfield microscopy, parenchyma cells contained a large central vacuole surrounded by a cytoplasmic layer and a defined membrane (Fig. [4](#aps31179-fig-0004){ref-type="fig"}A). Under fluorescence microscopy, parenchyma cells had a green mitochondrial layer, a vacuole with a green hue (Fig. [4](#aps31179-fig-0004){ref-type="fig"}B), and a blue nucleus (Fig. [4](#aps31179-fig-0004){ref-type="fig"}C). Consistent with their location, the cells lacked developed chloroplasts, although occasionally small red fluorescent structures were observed, likely representing pro‐plastids with underdeveloped thylakoids (Boardman and Wildman, [1962](#aps31179-bib-0006){ref-type="ref"}). It is noteworthy that vacuoles of parenchyma cells did not accumulate Neutral Red to the same levels as those of mesophyll cells, likely reflecting differences in vacuolar pH.

![Citrus leaf parenchyma protoplast viewed under different light sources and filters after incubation in 0.15 μM Hoechst 3342, 100 nM MitoTracker, and 80 μM Neutral Red for 15 min. Each cell was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).](APS3-6-e01179-g004){#aps31179-fig-0004}

A number of free vacuoles were always present in each protoplast preparation. These were distinguished by a distinctively shinier membrane outline under brightfield microscopy (Fig. [3](#aps31179-fig-0003){ref-type="fig"}A), a reddish vacuolar content, absence of any additional organelle (Fig. [3](#aps31179-fig-0003){ref-type="fig"}B), and lack of nucleus under fluorescence microscopy (Fig. [3](#aps31179-fig-0003){ref-type="fig"}C).

In addition to mesophyll, parenchyma cells, and free vacuoles, this system is most useful for the identification of SEs and CCs. It is worth noting that neither SEs nor CCs were particularly abundant in any of our protoplast preparations, consistent with the fact that they are significantly outnumbered by the remaining cell types (Hafke et al., [2007](#aps31179-bib-0020){ref-type="ref"}). Hafke et al. ([2007](#aps31179-bib-0020){ref-type="ref"}) also reported a low number of phloem cells in their preparations of *Vicia faba* leaf protoplasts. In our preparations, we estimated an approximate average of one SE or CC per 250 protoplasts. Nevertheless, their peculiar properties and small size facilitated their identification, especially during the initial screening.

Sieve elements are enucleated cells that contain no vacuoles (Fig. [5](#aps31179-fig-0005){ref-type="fig"}; Appendix [S1](#aps31179-sup-0001){ref-type="supplementary-material"}), but which do have a few organelles such as endoplasmic reticulum and plastids. Although reliant on CCs for most of their metabolic activities, SEs contain few mitochondria at maturity. In agreement with their protoplasmic composition, SEs did not have a distinct organized internal structure (Fig. [5](#aps31179-fig-0005){ref-type="fig"}A) with mitochondria located at the periphery despite the absence of a vacuole (Fig. [5](#aps31179-fig-0005){ref-type="fig"}B). Given the slightly alkaline pH of the SE milieu (Fukumorita et al., [1983](#aps31179-bib-0016){ref-type="ref"}; Hafke et al., [2005](#aps31179-bib-0019){ref-type="ref"}), no Neutral Red accumulation was observed. The lack of a nucleus in SEs was confirmed by examining the cells under a DAPI filter (Fig. [5](#aps31179-fig-0005){ref-type="fig"}C). To make certain no nucleus was present, we shifted the focal plane from the most proximal to most distant point in the cells.

![Citrus leaf sieve element protoplast viewed under different light sources and filters after incubation in 0.15 μM Hoechst 3342, 100 nM MitoTracker, and 80 μM Neutral Red for 15 min. Each cell was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).](APS3-6-e01179-g005){#aps31179-fig-0005}

Companion cells showed a dense cytoplasm and various small vacuoles under brightfield microscopy (Fig. [6](#aps31179-fig-0006){ref-type="fig"}A; Appendix [S2](#aps31179-sup-0002){ref-type="supplementary-material"}). They also revealed their characteristic large nucleus and abundant green mitochondria when observed under appropriate fluorescent filters (Fig. [6](#aps31179-fig-0006){ref-type="fig"}B, C). The large nucleus and number of mitochondria in CCs are characteristic of their high rates of metabolic activity responsible for providing energy required for transporting sugars and other nutrients (Lalonde et al., [2001](#aps31179-bib-0025){ref-type="ref"}). In terms of size, both cells (SE and CC) were at the lower end of the size distribution for the protoplast population. Sieve elements were slightly larger than CCs and agreed with our size estimates based on light micrographs of petiole tissue (Brodersen et al., [2014](#aps31179-bib-0008){ref-type="ref"}). Images presented here are of characteristic cell sizes.

![Citrus leaf companion cell protoplast viewed under different light sources and filters after incubation in 0.15 μM Hoechst 3342, 100 nM MitoTracker, and 80 μM Neutral Red for 15 min. Each cell was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).](APS3-6-e01179-g006){#aps31179-fig-0006}

The use of transgenic citrus plants expressing green fluorescent protein (GFP) in phloem cells (Folimonov et al., [2007](#aps31179-bib-0014){ref-type="ref"}) provided morphological verification of our method. Non‐virulent strains of phloem‐specific citrus tristeza virus have produced transgenic citrus plants with GFP‐labeled plasma membranes of the SE‐CC complex (Folimonov et al., [2007](#aps31179-bib-0014){ref-type="ref"}). When examined under fluorescence microscopy, phloem cells were easily identified by their fluorescence on a cross section of a petiole (Fig. [7](#aps31179-fig-0007){ref-type="fig"}A). A close up corroborated the amphicribral location of the phloem cells just outside the xylem (Fig. [7](#aps31179-fig-0007){ref-type="fig"}B). Their characteristic tubular shape was also evident in longitudinal sections of the petiole (Fig. [7](#aps31179-fig-0007){ref-type="fig"}C). By virtue of their fluorescence, phloem protoplasts (SE and CC) were easily identified and distinguished from each other by the absence of nucleus in SEs (Fig. [8](#aps31179-fig-0008){ref-type="fig"}) and presence in CCs (Fig. [9](#aps31179-fig-0009){ref-type="fig"}). Their size and general morphological features corresponded to those identified above by the use of stains (Figs. [5](#aps31179-fig-0005){ref-type="fig"} and [6](#aps31179-fig-0006){ref-type="fig"}). It should be noted that the general fluorescence of the plasma membrane concealed the equally green fluorescent mitochondria.

![Citrus phloem tissue transformed with green fluorescent protein (GFP) using citrus tristeza virus as vector. (A) Cross section of a citrus leaf petiole illustrating fluorescent phloem (sieve elements and companion cells) cells. (B) Close up of a separate petiole sample. Phloem cells (P) form an amphicribral ring around the xylem (X). (C) Longitudinal section of a citrus petiole from a citrus tree with GFP‐modified phloem SE and CC (see Folimonov et al., [2007](#aps31179-bib-0014){ref-type="ref"}). Tissues were viewed under Rhodamine fluorescence filter (Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence.](APS3-6-e01179-g007){#aps31179-fig-0007}

![Companion cell protoplast obtained from citrus tristeza virus--vectored green fluorescent protein (GFP)--transformed phloem cells. Both sieve elements and companion cells show GFP fluorescence as described by Folimonov et al. ([2007](#aps31179-bib-0014){ref-type="ref"}). Each cell was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).](APS3-6-e01179-g008){#aps31179-fig-0008}

![Companion cell protoplast obtained from citrus tristeza virus--vectored green fluorescent protein (GFP)--transformed phloem cells. Both sieve elements and companion cells show GFP fluorescence as described by Folimonov et al. ([2007](#aps31179-bib-0014){ref-type="ref"}). Each cell was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).](APS3-6-e01179-g009){#aps31179-fig-0009}

In this report, we present a simple assay that facilitates the recognition of SEs and CCs within a population of cells (protoplasts). The method is more versatile than that described by Hafke et al. ([2007](#aps31179-bib-0020){ref-type="ref"}) in that it can be used independently of the presence of an intrinsic phloem‐specific marker. Identification of phloem cells can be used as an additional tool in studies of phloem‐limited diseases, especially when used together with other techniques. For example, in combination with the patch‐clamp technique, protoplasts are ideal to study changes in membrane properties such as ion fluxes, membrane electrical properties, and biophysics of membrane elasticity, a study not possible with intact cells. In addition, identifying phloem cells can help in other areas of phloem physiology, such as characterizing the location of membrane‐bound carriers or channels (e.g., presence of sucrose carriers or ATPases in SEs, CCs, or both by immunohistochemistry and patch‐clamp technique), their location throughout the plant, and their properties depending on their distribution in source or sink tissues.
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**APPENDIX S1.** Citrus leaf sieve element protoplast viewed under different light sources and filters after incubation in 0.15 μM Hoechst 3342, 100 nM MitoTracker, and 80 μM Neutral Red for 15 min. Each cell was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).

###### 

Click here for additional data file.

###### 

**APPENDIX S2.** Citrus leaf companion cell protoplast viewed under different light sources and filters after incubation in 0.15 μM Hoechst 3342, 100 nM MitoTracker, and 80 μM Neutral Red for 15 min. Each cell was viewed under brightfield microscopy (A); fluorescence microscopy (Rhodamine filter; Ex: BP 545/25, Em: BP 525/50) for red and green fluorescence (B); and under DAPI filter (Hoechst 3342; Ex: G365, Em: BP 445/50) for blue fluorescence (C).

###### 

Click here for additional data file.
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